Barrientosiimonas humi gen. nov., sp. nov., an actinobacterium of the family Dermacoccaceae represented a novel lineage within the family Dermacoccaceae and was most closely related to members of the genera Demetria (96.9 % 16S rRNA gene sequence similarity), Branchiibius (95.7 %), Dermacoccus (94.4-95.3 %), Calidifontibacter (94.6 %), Luteipulveratus (94.3 %), Yimella (94.2 %) and Kytococcus (93.1 %). Cells were irregular cocci and short rods. The peptidoglycan type was A4a with an L-Lys-L-Ser-D-Asp interpeptide bridge. The cell-wall sugars were galactose and glucose. The major menaquinone was MK-8(H 4 ). The polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, phosphoglycolipid, two glycolipids and one unknown phospholipid. The acyl type of the cell-wall polysaccharide was N-acetyl. The major cellular fatty acids were anteiso-C 17 : 0 (41.97 %), anteiso-C 17 : 1 v9c (32.16 %) and iso-C 16 : 0 (7.68 %). The DNA G+C content of strain 39 T was 68.4 mol%. On the basis of phylogenetic and phenotypic differences from other genera of the family Dermacoccaceae, a novel genus and species, Barrientosiimonas humi gen. nov., sp. nov., is proposed; the type strain of the type species is 39 T (5CGMCC 4.6864
T represented a novel lineage within the family Dermacoccaceae and was most closely related to members of the genera Demetria (96.9 % 16S rRNA gene sequence similarity), Branchiibius (95.7 %), Dermacoccus (94.4-95.3 %), Calidifontibacter (94.6 %), Luteipulveratus (94.3 %), Yimella (94.2 %) and Kytococcus (93.1 %). Cells were irregular cocci and short rods. The peptidoglycan type was A4a with an L-Lys-L-Ser-D-Asp interpeptide bridge. The cell-wall sugars were galactose and glucose. The major menaquinone was MK-8(H 4 ). The polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, phosphoglycolipid, two glycolipids and one unknown phospholipid. The acyl type of the cell-wall polysaccharide was N-acetyl. The major cellular fatty acids were anteiso-C 17 : 0 (41.97 %), anteiso-C 17 : 1 v9c (32.16 %) and iso-C 16 : 0 (7.68 %). The DNA G+C content of strain 39 T was 68.4 mol%. On the basis of phylogenetic and phenotypic differences from other genera of the family Dermacoccaceae, a novel genus and species, Barrientosiimonas humi gen. nov., sp. nov., is proposed; the type strain of the type species is 39 T (5CGMCC 4.6864 T 5DSM 24617 T ).
The family Dermacoccaceae was originally proposed by Stackebrandt & Schumann (2000) and its 16S rRNA gene signature nucleotide patterns were revised by Zhi et al. (2009) . To date, the family Dermacoccaceae comprises seven genera: Dermacoccus (Stackebrandt et al., 1995) , Kytococcus (Stackebrandt et al., 1995) , Demetria (Groth et al., 1997) , Luteipulveratus (Ara et al., 2010) , Yimella (Tang et al., 2010) , Branchiibius (Sugimoto et al., 2011) and Calidifontibacter (Ruckmani et al., 2011) . Members of the family are typically associated with terrestrial habitats (especially soil), skin and meat products (Cordero & Zumalacárregui, 2000; De la Rosa et al., 1990; Papamanoli et al., 2002) .
The present investigation was designed to determine the taxonomic status of actinobacterial strains isolated from Antarctic soil. 
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International Journal of Systematic and Evolutionary Microbiology 63 were transported to Malaysia at 4 u C and then stored at 220 u C. Air-dried samples (5 g) were mixed with 45 ml sterilized water, ground in a mill and spread onto Streptomyces agar (HiMedia; Atlas, 1993) supplemented with cycloheximide (25 mg ml
21
) and nystatin (10 mg ml
) and incubated at 28 u C for 7 days. The isolates were maintained on yeast malt agar (International Streptomyces Project medium no. 2, ISP 2; Shirling & Gottlieb, 1966) at room temperature and stored as glycerol suspensions (20 %, v/v) at 220 u C.
The cultural characteristics of strain 39
T were determined following growth on tap-water agar (Gordon et al., 1974) , solidified rich R medium (Yamada & Komagata, 1972) and ISP 2-7 (Shirling & Gottlieb, 1966) for 7 days at 28 u C. The ISCC-NBS colour charts were used to determine the names and designations of colony colours (Kelly, 1964) . Light microscopy (80i; Nikon) and scanning electron microscopy (JSM 6400; JEOL) were used to observe cell morphology after incubation on ISP 2 at 28 u C for 7 days. Gram staining was performed by the standard Gram reaction and confirmed by KOH lysis (Cerny, 1978) . The growth temperature was tested at 4-56 u C (at intervals of 4 u C) on ISP 2. Growth with 0-18 % (w/v) NaCl (at intervals of 2 %) was tested in tryptic soy broth (TSB). Growth at pH 4.0-10.0 (at intervals of one pH unit) was tested in TSB. Carbon-source utilization was tested using ISP 9 (Shirling & Gottlieb, 1966) supplemented with 1 % (final concentration) carbon source and using Biolog GP2 MicroPlates. The utilization of amino acids as nitrogen sources was tested as described by Williams et al. (1983) . The presence of catalase was detected by production of oxygen bubbles from hydrogen peroxide solution (3 %, v/ v). Production of melanoid pigments was examined using tyrosine agar (ISP 7). The morphological, cultural and physiological properties of strain 39 T are given in the genus and species descriptions. The organism can be distinguished from members of the family Dermacoccaceae using a range of phenotypic properties (Table 1) .
Biomass for molecular systematic and chemotaxonomic studies of strain 39
T was obtained after growth in TSB at 28 u C for 7 days on a rotary shaker. The analysis of the peptidoglycan amino acids and whole-organism sugars was carried out by the Identification Service of the DSMZ, Braunschweig, Germany and Dr P. Schumann. Qualitative analysis of the amino acids was performed by TLC and 2D-TLC (Schleifer & Kandler, 1972; Schleifer, 1985) . Quantitative analysis of amino acids in total hydrolysates was performed by GC-MS, as described by MacKenzie (1987) . The major diagnostic whole-organism sugars of strain 39
T were obtained following the procedure described by Whiton et al. (1985) and analysed by TLC on cellulose plates according to Staneck & Roberts (1974) . The menaquinones of strain 39 T , Demetria terragena and Branchiibius hedensis were isolated according to Minnikin et al. (1984) and analysed by HPLC with an ODS-BP C 18 column (4.66250 mm). The cellular polar lipids were analysed by TLC by the Identification Service of the DSMZ Barrientosiimonas humi gen. nov., sp. nov.
and Dr B. J. Tindall (Kates, 1986) . The cellular fatty acids of strain 39
T and closely related type strains were analysed by the Identification Service of the DSMZ and Dr S. Verbarg. Cell mass of strain 39 T was harvested from TSB after incubation at 28 u C for 2 days. The fatty acids were extracted and prepared according to the standard protocol of the Microbial Identification system (MIDI; Sasser, 1990) . The N-acyl group of muramic acid in the peptidoglycan was determined by the method of Uchida & Aida (1977) .
For analysis of the 16S rRNA gene sequence of strains 39 T , 40 and 41, genomic DNA extraction, amplification and sequencing of purified products were carried out as described previously (Hong et al., 2009) . The 16S rRNA gene sequences of the isolates were aligned manually with sequences from the most closely related members of the suborder Micrococcineae retrieved from the GenBank/ EMBL/DDBJ databases using CLUSTAL X (Thompson et al., 1997) . The alignment was manually verified and adjusted prior to the construction of a phylogenetic tree. Phylogenetic trees were inferred using the neighbourjoining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) algorithms using MEGA version 4.0 (Tamura et al., 2007) . Sequence similarities were calculated using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . The stability of the resultant tree topologies was evaluated by bootstrap analysis (Felsenstein, 1985) . A distance matrix was generated using Kimura's twoparameter model (Kimura, 1980) . Streptomyces ambofaciens ATCC 23877
T was used as an outgroup. For determination of the DNA G+C content of strain 39 T , genomic DNA was extracted according to Pospiech & Neumann (1995) and the G+C content was determined by HPLC (Mesbah et al., 1989) .
Almost-complete 16S rRNA gene sequences were determined for strain 39 T (1495 bp), strain 40 (1495 bp) and strain 41 (1494 bp). Comparative 16S rRNA gene sequence analysis showed that strains 39 T , 40 and 41 fell within the evolutionary radiation occupied by the suborder Micrococcineae (Fig. 1) . The 16S rRNA gene sequence similarities between strain 39 T and strains 40 and 41 were both 99.8 %. Therefore, strains 39
T , 40 and 41 should be classified in the same species. The closest phylogenetic neighbours were members of the genera of the family Dermacoccaceae. Strain 39 T showed 16S rRNA gene sequence similarities of 96.9, 95.7 95.3, 95.2, 95.1, 94.6, 94.4, 94.3, 94.2 and 93 .1 % to the type strains of Demetria terragena, Branchiibius hedensis, Dermacoccus barathri, Dermacoccus profundi, Dermacoccus abyssi, Calidifontibacter indicus, Dermacoccus nishinomiyaensis, Luteipulveratus mongoliensis, Yimella lutea and Kytococcus sedentarius, respectively. It is evident from Fig. 1 that strain 39
T formed a distinct lineage within the Micrococcineae and was most closely related to Demetria terragena HKI 0089 T ; this association was supported by a 99-100 % bootstrap value with all of the tree-making algorithms (data not shown).
The membership of strain 39
T in the family Dermacoccaceae was also supported by the presence of familyspecific signature nucleotides in its 16S rRNA gene sequence (Zhi et al., 2009) . However, when the signature nucleotides of strain 39
T were compared with those of its closest relatives in the genera Demetria, Dermacoccus, Luteipulveratus, Yimella and Kytococcus, there were many nucleotide and nucleotide pair differences (Table S1 , available in IJSEM Online).
The peptidoglycan amino-acid composition of strain 39 T contained Ala, Ser, Asp, Glu and Lys in a molar ratio of 1.2 : 0.6 : 0.7 : 1.0 : 0.9. The peptide Lys-Ser-Asp, which is stable under hydrolytic conditions in 4 M HCl at 100 u C for 16 h, was detected. 2D-TLC of partial hydrolysates (4 M HCl, 100 u C, 45 min) revealed the presence of the following peptides: L-Ala-D-Glu, L-Lys-L-Ser, L-Lys-LSer-D-Ala and L-Lys-D-Ala. From these analytical data, it was concluded that strain 39 T contained the peptidoglycan type A4a with a L-Lys-L-Ser-D-Asp interpeptide bridge. The cell-wall sugars were galactose and glucose. The acyl type of the cell-wall polysaccharide was N-acetyl. The predominant menaquinone was MK-8(H 4 ). The polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, phosphoglycolipid, two glycolipids and one unknown phospholipid (Fig. S1 ). The major cellular fatty acids (.5 %) were anteiso-C 17 : 0 (41.97 %), anteiso-C 17 : 1 v9c (32.16 %) and iso-C 16 : 0 (7.68 %) ( Table  2 ). The G+C content of the DNA was 68.4 mol% ( Table 1 ).
Strain 39
T was an aerobic, non-motile and non-sporulating Gram-positive actinobacterium growing as irregular cocci and short rods (0.25-0.3860.25-2.25 mm). Cells could occur singly, in pairs, in short chains or in small irregular clusters (Fig. 2) . Good growth was observed on solidified rich R medium and ISP 2, 3, 4, 5, 6 and 7 after 7 days at 28 u C, whereas growth was poor on tap-water agar. Colonies were cream white to pale yellow, circular, entire, convex and smooth on most media tested. Growth occurred at pH 6.0-10.0 (optimum pH 7.0-9.0), with 0-14 % NaCl (optimum 0-4 %) and at 24-40 u C (optimum 32 u C).
T was similar to members of the family Dermacoccaceae by containing lysine as the diagnostic diamino acid. Based on the phylogenetic tree generated using the neighbour-joining algorithm, strain 39 T formed a distinct lineage within a cluster containing all of the type strains of members of the family Dermacoccaceae, which was supported by a high bootstrap value of 98 %. These data verified that strain 39 T should be assigned to a novel taxon in the family Dermacoccaceae.
T formed a monophyletic branch most closely related to Demetria terragena HKI 0089 T , an actinobacterium isolated from compost soil (Groth et al., 1997) , with a bootstrap value of 99 %. The isolate was similar to members of the genus Demetria in that it contained the same predominant menaquinone, MK-8(H 4 ), and shared the highest 16S rRNA gene sequence similarity (96.9 %).
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Despite these similarities, strain 39 T could be differentiated from the genus Demetria by many chemotaxonomic and phenotypic properties (Table 1 ), e.g. strain 39
T contained galactose and glucose as whole-cell sugars whereas the genus Demetria contained only galactose. Furthermore the fatty acids, polar lipids and signature nucleotide pattern of strain 39
T were significantly different from those of members of the genus Demetria and other genera of the family Dermacoccaceae, i.e. the polar lipid profile of strain 39 T contained a phosphoglycolipid and two types of glycolipid but no phosphatidylethanolamine and strain 39 T contained major amounts of branched fatty acids (anteiso-C 17 : 0 , anteiso-C 17 : 1 v9c and iso-C 16 : 0 ) whereas the genus Demetria contained major amounts of straight and unsaturated fatty acids (C 16 : 0 , C 17 : 0 , C 18 : 0 and C 18 : 1 ). Hence, on the basis of phylogenetic, chemotaxonomic, phenotypic and 16S rRNA gene signature nucleotide analysis, strain 39 T is remarkably different from all genera in the family Dermacoccaceae. We propose that strain 39
T is classified in a novel genus in the family Dermacoccaceae, Barrientosiimonas gen. nov., the type species of which is Barrientosiimonas humi gen. nov., sp. nov.
Description of Barrientosiimonas gen. nov.
Barrientosiimonas (Bar.ri.en.to.si.i.mo9nas. N.L. n. Barrientosia Barrientos Island, an island in the Antarctic; L. fem. n. monas a unit, a monad; N.L. fem. n. Barrientosiimonas a bacterium isolated from Barrientos Island).
An aerobic, Gram-positive actinobacterium forming irregular cocci and short rods (0.25-0.3860.25-2.25 mm). Cells occur singly, in pairs, in short chains or in small irregular clusters. The peptidoglycan is of the A4a type with a L-Lys-L-Ser-D-Asp interpeptide bridge. The cell-wall sugars are galactose and glucose. The acyl type of the cell-wall polysaccharide is N-acetyl. The predominant menaquinone is MK-8(H 4 ). The polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, phosphoglycolipid, two glycolipids and one unknown based on 1000 resampled datasets are shown at branch nodes. Asterisks indicate that the corresponding nodes were also recovered using the maximum-likelihood and maximum-parsimony tree-making algorithms. Streptomyces ambofaciens ATCC 23877 T was used as an outgroup. Bar, 1 substitution per 100 nucleotides.
Barrientosiimonas humi gen. nov., sp. nov.
phospholipid. The major cellular fatty acids are anteiso-C 17 : 0 , anteiso-C 17 : 1 v9c and iso-C 16 : 0. The DNA G+C content is 68.4 mol%. The type species is Barrientosiimonas humi.
Description of Barrientosiimonas humi sp. nov.
Barrientosiimonas humi (hu9mi. L. gen. n. humi of soil, ground).
Cells are non-motile and non-sporulating. Good growth is observed on solidified rich R medium and ISP 2, 3, 4, 5, 6 and 7 after 7 days at 28 u C, whereas cells grow poorly on tap-water agar. Colonies are cream white to pale yellow, circular, entire, convex and smooth on most media tested. 
